The objective of this study was to compare the relations among nutrient intake, fitness, serum antioxidants, and cardiolipoprotein profiles in female adolescents. The study design was a cross-sectional analysis of the Penn State Young Women's Health Study. The present study was performed with the entire cohort (n = 86) when they were 17.1 ± 0.5 y (x -± SD) of age. Primary measurements included cardiolipoprotein indexes, serum antioxidants, nutrient intakes, aerobic fitness, and percentage body fat. The cohort was stratified by estimated maximal oxygen uptake (V · O 2 max) measurements and by percentage body fat. The fifth quintile by estimated V · O 2 max had significantly lower percentage body fat, higher athletic scores, higher fruit intake, lower total serum cholesterol, and lower ratios of total serum cholesterol to HDL cholesterol than members of the first quintile. When the members of the first and fifth quintiles by percentage body fat were compared, the first quintile had significantly lower weight, lower body mass index, higher estimated V · O 2 max, higher athletic scores, lower ratios of total serum cholesterol to HDL cholesterol, and higher fruit, carbohydrate, and fiber intakes. Correlation analyses performed with the data for the entire cohort showed fruit consumption to be positively correlated with estimated V · O 2 max, and predicted V · O 2 max to be positively correlated with circulating ␤-carotene and ␣-tocopherol. This study provided evidence that the positive associations of exercise and fruit consumption with cardiovascular health apply to female adolescents as well as to adults.
INTRODUCTION
Recent epidemiologic studies point out that inadequate intake of certain nutrients predisposes people to chronic degenerative diseases (1−3). Adequate fruit and vegetable intakes reduce the likelihood of cardiovascular diseases and the development of several cancers (4−8) . The cellular and biochemical mechanisms for these protective effects are inadequately understood. However, increased concentrations of circulating antioxidants, vitamins, and, as yet unidentified phytochemicals are believed to be important (9) (10) (11) .
The role of regular exercise in the prevention of cardiovascular disease is more thoroughly understood (12) . The National Institutes of Health Consensus Development Panel on Physical Activity and Cardiovascular Health recommended recently that children and adults try to accumulate 30 min of moderate-intensity physical activity most days of the week (13) . Adequate physical activity produces improvement in all of the widely used cardiolipoprotein measurements, including serum triacylglycerol, total cholesterol and cholesterol-associated proteins, HDL cholesterol, and LDL cholesterol (14) (15) (16) . In women, cardiorespiratory fitness is an independent and statistically significant predictor of mortality (17) .
Children and adolescents who are considered unhealthy on the basis of their cardiolipoprotein profiles are likely to maintain these profiles as adults (18) (19) (20) . Improved fitness and increased fruit and vegetable consumption are recognized preventive strategies for adults.
The present study investigated how measures of cardiovascular health in female adolescents are related to their diet and fitness behavior. We directed our attention to predicted maximal oxygen uptake (V · O 2 max) and percentage body fat measurements for the following reasons: 1) they reflect many overall health and fitness patterns, 2) they are each influenced by genetic and lifestyle factors, and 3) objective measurements can be made with noninvasive, accurate, and reproducible techniques.
SUBJECTS AND METHODS

Subjects
The entire cohort (n = 86) of the Penn State Young Women's Health Study, which was begun in 1990 when the subjects were 12 y old, took part in this investigation. The study population is representative of white female adolescents attending public school in central Pennsylvania and was limited by design to descendants of northern Europeans. We reported previously details of the recruitFruit consumption, fitness, and cardiovascular health in female adolescents: the Penn State Young Women's Health Study ment and retention strategies; baseline anthropometric, endocrine, and bone measurements (21) ; and effects of a calcium-supplementation trial on adolescent bone gain (22) . The present study was performed when members of the cohort were 17.1 ± 0.5 y (x -± SD) of age. All procedures were reviewed and approved by the Pennsylvania State University College of Medicine Institutional Review Board, and all subjects or their parents provided informed consent.
Anthropometric and pubertal assessments
All subjects were seen individually by the research coordinator (NR), who determined their height, weight, and Tanner Stage as described previously (18) .
Clinical chemistry measurements
Fasting blood samples were obtained by venipuncture, allowed to clot, and centrifuged at 4°C; the serum was stored at Ϫ20°C until assayed. The fasting period was either overnight or for 4 h before a midday draw. Total cholesterol, HDL cholesterol, triacylglycerol, vitamin A, ␤-carotene, ␣-tocopherol, and the combination of ␤-and ␥-tocopherol were measured by American Medical Laboratories, Inc (Chantilly, VA), using published procedures (23) (24) (25) .
Nutrient intake assessment and body fat measurements
Prospective 3-d diet records included two weekdays and one weekend day and were analyzed with NUTRITIONIST III (version 7.0) software to obtain nutrient intake measurements (26). Whole-body composition measurements were made with a QDR 2000 (Hologic, Waltham, MA) dual-energy X-ray absorptiometer using the pencil-beam mode in the presence of the Hologic three-step acrylic and acrylic-aluminum wedge standard that simulates lean and fat soft tissue (27) .
Fitness measurements
Subjects were tested for aerobic power, strength, and flexibility. Aerobic power was measured as estimated V · O 2 max on a Monarch bicycle ergometer (model 818E; Monarch AB, Varberg, Sweden) with a graded four-stage protocol with the target endpoint being the subject's heart rate reaching 85% of her age-adjusted maximal FRUIT AND CARDIOVASCULAR HEALTH 625 
2 Significantly different from first quintile, P ≤ 0.05 (Tukey's test with ranks). 3 No P value provided because this variable determined the partitioning of the groups.
heart rate (28) . Strength was measured with a grip dynamometer (model 78011; Lafayette Instruments, West Lafayette, IN). Flexibility was measured with the sit-and-reach box (Novel Products, Inc, Addison, IL). Additional fitness measurements included the number of abdominal curlups done in 1 min, the number of modified pushups done in 1 min, and the number of seconds (up to 90) that subjects could sit with their back to a wall with their upper legs parallel to the floor and their lower legs vertical to the floor (wall sit). An athletic score was assigned to each subject based on her 5-y history (between ages 12 and 17 y) of participation in organized athletic activities (eg, varsity school sports, gymnastics, and dancing) as follows: 1.0 = no participation (n = 26), 2.0 = intermittent participation (n = 31), and 3.0 = constant participation (n = 29).
Statistical analysis
Statistical procedures were accomplished by using a range of procedures from SAS Institute Inc (29) . Descriptive statistics, Spearman correlations, partial correlations, multiple regressions, and Jonckheere trend tests were used to describe the sample and to make simple comparisons of interest. Tukey's method was used for analysis of variance of ranked data to judge whether the first and fifth quintiles of selected measurements of the cohort were different. The Spearman, Tukey, and Jonckheere analyses are rank-based and do not require normality of the data. The objective of the partial correlation and multiple regression analyses was to determine the explanatory capability of a variable while controlling for the presence of other variables (30) . Tables 1 and 2 provide anthropometric measurements, fitness measurements, daily intakes of major foods and nutrients, circulating concentrations of cardiolipoproteins, and selected serum antioxidants for each quintile. In each table, the measurements of the first and fifth quintiles were compared and the P values (Wilcoxon test) for the comparisons noted. When compared by percentage body fat, the first and fifth quintiles differed significantly with respect to body mass index (BMI; in kg/m 2 ), estimated V · O 2 max, pushups, athletic score, and fruit servings per day. When compared by estimated V · O 2 max, the first and fifth quintiles differed significantly with respect to percentage body fat, pushups, athletic score, total:HDL cholesterol, plasma ␤-carotene, and plasma ␣-tocopherol. In addition, trend tests applied across all five quintiles of percentage body fat and estimated V · O 2 max showed that fruit servings decreased significantly as percentage body fat increased (P = 0.01), but there was no significant trend as V · O 2 max increased. The trend tests did not identify any threshold effects with respect to fruit servings. The variables that discriminated the members of the first quintile for body fat and the fifth quintile for estimated V · O 2 max from the members of the fifth quintile for body fat and first quintile for estimated V · O 2 max were as follows: athletic score, pushups, fruit servings per day, total:HDL cholesterol, and plasma ␤-carotene. Of the 14 individuals in the first quintile for body fat and the 17 individuals in the fifth quintile for estimated V · O 2 max, 8 were in both quintiles. The range for body fat values was 15.6−40.7% and for estimated V · O 2 max values was 20.7−64.8 mL O 2 ؒ kg Ϫ1 ؒ min Ϫ1 . The range of average daily servings of fruit for this cohort (Figure 1 ) indicated that 35% ate less than two servings per day and 70% ate less than four servings per day. Correlations for the entire cohort between circulating concentrations of cholesterol and plasma antioxidants and fitness variables are presented in Table 3 . Total:HDL cholesterol was positively correlated with BMI (r = 0.15, P = 0.17) and negatively correlated with estimated V · O 2 max (r = Ϫ0.26, P = 0.02).
RESULTS
We addressed the question of whether the beneficial associations of increased fruit intake and increased aerobic fitness with improved blood cholesterol concentrations occurred independently or in concert by performing multiple regression analysis and calculating partial correlation coefficients. The clearest results were seen among the first quintile by percentage body fat and among the fifth quintile by estimated V · O 2 max values. These results are summarized in Tables 4 and 5. In Table 4 , among the first quintile by body fat, decreased estimated V · O 2 max was significantly correlated (P = 0.05) with an increase in total:HDL cholesterol. Also among the fifth quintile by estimated V · O 2 max, increased fruit intake was significantly correlated (P = 0.04) with a decrease in the total:HDL cholesterol.
DISCUSSION
The development of many chronic diseases of women, such as cardiovascular disease and osteoporosis, are known to be influenced extensively by lifestyle factors. Thus, patterns established in adolescence may influence lifelong health. The present investigation was cross-sectional with an ongoing longitudinal study cohort-the Penn State Young Women's Health Study. This cohort was recruited in 1990. Healthy premenarcheal girls of northern European descent were recruited because the original longitudinal research design of this study focused on osteoporosis prevention. The recruitment details were published previously (21) . In brief, participants were of northern European descent, had no chronic disease at entry, and were between 80% and 120% of ideal body weight-for-height. The cohort was representative of a mixture of young, US white women with diverse physical activity and food-consumption patterns.
The means and medians of the physical characteristics of the cohort are indistinguishable from normative physical measurement data reported by the National Center for Health Statistics (31) . Aerobic capacity, strength, and flexibility are each important indicators of physical fitness, and cardiovascular health is strongly influenced by aerobic fitness. Bicycle ergometry was chosen to measure aerobic fitness because it provided accurate and reproducible measurements with an acceptable amount of discomfort for our subjects. Our cohort's mean estimated V · O 2 max of 38.0 mL O 2 ؒ kg Ϫ1 ؒ min Ϫ1 and range (20.7−64.8 mL O 2 ؒ kg Ϫ1 ؒ min Ϫ1 ) are similar to published normative data for US female adolescents aged 13-19 y (32-35) . Neither grip strength nor abdominal curlup performance by this cohort was correlated with aerobic capacity.
The mean percentage body fat for this cohort was 21.4% (range: 15.6−40.7%) and the mean BMI was 21.4, which are similar to published normative data for female adolescents in the United States and New Zealand (36, 37) . Daily food consumption by this study cohort, whether examined by food group or by specific nutrient intakes, was similar to that determined in a national survey of white, female adolescents (38) . Similarly, this cohort's mean values for plasma total cholesterol, triacylglycerol, and total:HDL cholesterol agreed with contemporary normative data on blood lipid values in white, female adolescents in the United States (39), Canada (40) , and Australia (41) . Results indicate that this cohort was a representative sample of 17-y-old US white adolescents. Because most of the major variables that we examined (BMI, blood lipids, and fitness measurements) are age dependent, it is important to note that our cohort was close in age.
The challenge of this study was to interpret how these data on fitness, percentage body fat, specific nutrient intake, blood lipids, FRUIT AND CARDIOVASCULAR HEALTH 627 FIGURE 1. Average daily fruit consumption by study subjects at age 17 y. By current convention, a single fruit serving is defined as a serving of 251 kJ (60 kcal) or 15 g carbohydrates. Fruit juices are categorized as fruit. By American Dietetic Association standards, a typical example of four fruit servings per day would be a cup of orange juice and a banana. Only 30% of the study group consumed four or more fruit servings per day. This percentage is similar to that of recent normative data for US men and women, which indicate that young women consume a mean of two fruit servings per day and only 23% of US men and women consume five or more servings of fruit and vegetables per day (2, 42) . Normative data on the psychosocial factors associated with fruit and vegetable consumption in the United States show that only 8% of Americans think that five or more servings of fruit and vegetables per day are needed for good health and 66% of 18-34-y-olds believe that two servings of fruit and vegetables are recommended (43) .
The largely sedentary lifestyle in the United States is a significant contributor to its growing health care burden. Although recommendations for quantity and intensity of physical activity have been made and public health education programs launched, we remain, as a nation, relatively sedentary. The mean fitness measurements of the present study cohort reflect the relatively sedentary lifestyle of US adolescents. However, subjects in the first quintile for body fat and those in the fifth quintile for aerobic power were significantly different in several ways. Individuals in the fifth quintile by estimated V · O 2 max were stronger, leaner, had significantly better blood lipid profiles, and higher circulating concentrations of ␤-carotene and ␣-tocopherol. They also ate about twice as much fruit as those in the first quintile. They were not significantly different by age, height, weight, BMI, secondary sexual characteristics, or food intake patterns other than fruit intake. When the cohort was stratified by estimated V · O 2 max measurements, partial correlation coefficients showed increased fruit consumption to be the important predictor for improved blood lipid profiles.
When the cohort was stratified by percentage body fat, the first quintile and the fifth quintile were significantly different. The leanest 20% were stronger, had a better ratio of total cholesterol to HDL cholesterol, had higher plasma concentrations of ␤-carotene, and consumed more fruit, carbohydrates, and dietary fiber. Note that dietary fat consumption was indistinguishable among these quintiles (P = 0.88). When the cohorts were stratified by percentage body fat, partial correlation analyses indicated that increased estimated V · O 2 max was the most important predictor of improved blood lipid profiles. In summary, among this cohort of 17-y-old female adolescents from the United States, those with the best cardiolipoprotein profiles ate on average slightly more than four servings of fruit per day. They also had lower percentage body fat scores and higher estimated V · O 2 max measurements. However, only 50% of the volunteers who were in the fifth quintile for estimated V · O 2 max were also in the first quintile for percentage body fat. Our partial correlation analyses indicated that increased fruit consumption and increased aerobic fitness were independently associated with improved blood lipid profiles in the adolescent cohort. Whether the increased concentrations of plasma ␤-carotene and ␣-tocopherol, which we observed to be associated with improved blood lipid measurements, were coincidental remains to be determined.
